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Abstract

The internal structure of the nucleon, as manifested in its excitation spectrum, has presented a
crucial challenge to nuclear and elementary-particle physics. The quark model predicts many
resonances that appear to be missing from the spectrum of nN states. However, the quark model
also predicts a rapid decrease with energy in the Gy coupling for the states in each oscillator
band. Higher mass states may couple to other pseudoscalar meson channels such as N, AN,
pN, oN, NN, KA or KZ. Alternatively, other models involving diquarks or phase transitions have
been proposed to account for the current baryon spectrum, which is chiefly determined from ntN
reactions. The apparent success of such alternatives questions the effective degrees of freedom
within the nucleon.

Higher mass resonances are generally overlapping with significant interfering backgrounds
from wu-channel processes. As a result, their properties cannot be extracted without detailed
partial-wave analyses, preferably in a frame-work which accounts for the coupling between the
various meson-decay channels. Constraining such analyses requires a large number of
polarization observables. This has not been achieved in any channel, despite nearly 50 years of
research into N scattering and photo-production. Most of the available data has been taken with
proton targets and a new set of polarized target experiments will soon expand this data base at
JLab. In contrast, the available neutron data is extremely sparse. While / = 3/2 A resonances can

be determined from proton data alone, / = /2 N* resonances necessarily require hoth neutron and
proton data.

We propose to measure a suite of pseudoscalar-meson photo-production reactions using
circularly and linearly polarized beams on a longitudinally polarized deuterium target. We have
considered two possible frozen-spin targets, a deuterated-butanol version of the FROST target
now under construction at JLab and the HD target which has been developed at BNL, and have
carried out detailed simulations for each. Since anticipated running times with Butanol are
factors of at least 15-25 times longer, depending on kinematics, we plan to use a polarized HD
target.

Asymmetries from free neutrons will be isolated by kinematically restricting the meson-

baryon decay. Beam-target double-polarization asymmetries for the wp, © 7t n, K°A, K°2° and



K'Y channels will all be measured simultaneously. Since the weak decay of the hyperons

provides an analysis of their recoil polarization, target-recoil and beam-recoil data will also be
measured for those channels. The simultaneous measurement of beam-recoil asymmetries from
the neutron, using the same kinematic restrictions, is possible because the target molecule
contains a single neutron in deuterium and the small contaminations from non-HD material in the

beam path can be subtracted from concurrent empty cell measurements.

The recoil analyzing power in A decay is appreciable and this provides a unique opportunity.
For the yn — K°A reaction, a total of 13 different polarization observables will be determined in

a single experiment, including single-polarization and beam-target, target-recoil and beam-recoil
double-polarization asymmetries, along with the cross section. This will provide the first (over-)
determination of a pseudoscalar meson photo-production amplitude and will be free of the PWA
ambiguities that have plagued this field for decades.

A small fraction of running is also planned for polarized H which will verify the
effectiveness of kinematic requirements in the extraction of neutron observables, by comparing
free protons in H and bound protons in D, and set limits on possible corrections to the neutron
asymmetries from deuteron tensor observables. At the same time, this will provide polarized
proton data on beam-target and target-recoil asymmetries taken under the same conditions and so
create a uniquely large data set on both isospin channels that is locked together with common
systematics. When combined with other proton beam-recoil measurements, this will determine

the complete YN—KA isospin amplitude, free of ambiguities.

The total beam request for this experiment is 75 days with polarized HD and 10 with
polarized HD , for a total of 85 days.



